Introduction
Sorghum (Sorghum bicolor (L.) Moench) is an agronomically important cereal crop, which stands fifth only after Maize, Wheat, Rice and Barley in terms of world-wide production [1] . According to All India Coordinated Sorghum Improvement Project (AICSIP) 2005-06 report, downy mildew of sorghum caused by Peronosclerospora sorghi (W. Weston and Uppal) C.G. Shaw, caused significant damage in South India, especially South Karnataka province. It was found predominant in all the districts surveyed in Karnataka, both on grain sorghum and fodder sorghum [2] . Methods currently employed for management of downy mildew disease of sorghum are seed dressing by systemic fungicide Metalaxyl 35% WS, spray of contact fungicides like Mancozeb 75% WP and use of resistant hybrid varieties [3] . Use of chemicals is discouraged in organic farming. Utilization of resistant hybrid varieties against downy mildew is an environment friendly method but perfectly resistant varieties are either not available or not durable due to development of new virulent strains of pathogen [4; 5] . Tolerant varieties act as reservoir of pathogen, besides, the method is costly, requires huge investment and technical knowledge which confines the resistant variety development to research institutions, making the farmers dependent. Hence in the present investigation, an effort was made to manage the disease by environment friendly and economical methods.
Since resistance in plants is highly versatile and elastic, even the susceptible plant can be protected from the disease by the developing systems to induce and enhance the plants own defence mechanisms [6] . The induction of systemic acquired resistance results in the development of a long lasting, broad spectrum immunity in non-infected tissues against a broad range of plant pathogens including viruses, bacteria and fungi [7; 8; 9] . There are many reports on various types of induced resistance in a variety of host-pathogen systems using biotic or abiotic agents [10; 11] .
The interaction between the pathogen and host plant induces some changes in cell metabolism, primarily in the enzyme activities, including that of phenylalanine ammonia lyase (PAL), peroxidase (POX), polyphenol oxidase (PPO), lipoxygenase (LOX), superoxide dismutase (SOD) and1,3 glucanase [12; 13; 14; 15; 16] . Activation of local responses at the site of infection can be followed by establishment of secondary immunity throughout the plant, termed as induced systemic resistance, which is long lasting and effective against a broad spectrum of pathogens [17] . Induced resistance is the induction of plants defence mechanism, triggered by avirulent or virulent pathogens, or chemical inducers such as salicylic acid (SA), 2,6-dichloroiso-nicotinic acid (INA) and benzo (1,2,3)-thiadiazole-7-carbothionic acid-s-methyl ester (BTH). Several studies have demonstrated the operation of ISR in various crop plants against a range of pathogens possessing different infection strategies [18; 19; 7] .
Phenylalanine ammonia lyase (PAL) is one of the biochemical markers of induced resistance. It is considered to be the principal enzyme of the phenylpropanoid pathway, which is the prime intermediary in the biosynthesis of phenolics and flavonoids [20] . The presence of phenolic compounds in plants and their synthesis in response to infection is associated with disease resistance.
The induction of peroxidase (POX) activity in plants occurs in response to numerous biotic and abiotic stimuli, including exposure to pathogens or elicitor preparations, chemical oxidizing agents, red light, and mechanical stimuli [12; 21; 22] . POX is believed to play roles in auxin catabolism, the oxidation of phenolics to form lignin, the cross-linking of hydroxyproline-rich glycoproteins in plant cell walls, and the production and breakdown of hydrogen peroxide and other reactive oxygen species [23; 24] . The roles that POX can play in cell wall toughening and in the production of toxic secondary metabolites and its simultaneous oxidant and anti-oxidant capabilities can make it an important factor in the integrated defence response of plants to a variety of stresses [12; 21] .
One of the more intensively studied components of induction is salicylic acid. In tobacco, application of exogenous salicylic acid induces the PR gene expression and partial resistance to pathogen such as TMV [25] . There are several reports indicating the resistance inducing activity of plant extract as well as components of plant extracts [26; 27; 28; 29; 30; 31; 32] . Natural products like plant extracts are preferred over chemicals as an inducer of resistance. Therefore, the current study focuses on the preventive approach of this important crop disease by environment friendly, cost-effective methods.
II.
Materials And Methods
Preparation of plant extracts
Fresh biomass of three botanicals was collected and weighed 16 g each (TABLE 1) . Plant material (16 g) of Duranta repens, Polyalthia longifolia and Parthenium hysterophorus was crushed in mortar and pestle in 40 mL of distilled water. The crushed biomass was poured into culture tubes and kept over-night for exudation of biochemicals. Later, the solution was filtered through muslin cloth, followed by Whatmann No.1 filter paper. The filtered plant extracts which served as 40% stock solutions, were stored at 5 o C in refrigerator and were diluted by addition of distilled water according to requirements.
Preparation of pathogen inoculum
The initial conidial inoculum was obtained from systemically infected, uniformly sporulating leaves of sorghum, collected from downy mildew infected sorghum plants at Bogadi, Mysore, Karnataka, India. The inoculum was multiplied by sprout dip methods [33] and maintained on downy mildew susceptible sorghum cultivar DMS-652 (seeds obtained from University of agricultural sciences, Dharwad, Karnataka state, India) at Botanical garden, Department of studies in Botany, University of Mysore, India. Conidial inoculum of pathogen was obtained by following paper-towel technique [34] . Tween-20 was added at the rate of one drop per litre. A sample of 5 mL was drawn and subjected to haemocytometer count. The final volume was adjusted by addition of distilled water to obtain conidial concentration of 6×10 5 spores/mL.
Green house evaluation of plant extract for induction of resistance
Green house evaluation of plant extract for induction of resistance was done according to IAH Consortium technique [35] . Three plant extracts at 2.5% and 5% concentrations were used for giving seed dip treatment to 100 sorghum seed each in plastic cups. Negative control comprised distilled water treatment and positive control comprised 2 mM salicylic acid treatment. The solutions were decanted 3 h later. The cups were covered with petri plate lids and incubated at room temperature for 42 h to obtain seedlings. The seedlings in each cup were inoculated by 5 mL of conidial suspension, early morning before 6 AM. The suspension was decanted carefully to the last drop after 5 min. The seedlings were uniformly spread at the bottom of each cup, covered with petri plate and incubated for 24 h at room temperature. The seedlings from each cup representing each treatment were divided and sown in 4 pots of 15 cm diameter. Disease incidence in the form of systemic infection was recorded for all the pots twice a day for 15 days [36; 35] . Besides the controls, the treatments showing significant disease suppression as compared to negative control were selected for measurement of plant growth parameter. Plants along with root system were removed from each pot, packed in paper bags, placed in hot air oven at 72 o C for 48 h and weighed to obtain dry biomass yield per pot. Experiment was repeated once with similar results and mean of the readings was taken for calculations. Disease protection provided by the treatments was calculated according to equation (1).
Effect of plant extracts on seed germination and seedling vigour
DMS-652 seeds were put in plastic cups of 5 cm diameter with filter paper lined bottom, at the rate of 100 seeds/cup. The experiment comprised 2.5% D. repens extract treatment and 2 controls. (D. repens 5% extract treatment was not included for seedling vigour experiment in spite of high percentage disease protection shown in green house experiment due to distinctly poor growth obtained). The entire experiment was conducted with 4 replicates. Stock solution of the plant extract was diluted by addition of distilled water to obtain 2.5% solution. Aqueous extract of the botanical at 2.5% concentration was used for seed dip treatment (3 h) in plastic cups. Seeds treated with distilled water served as negative control and seeds treated with 2 mM salicylic acid solution served as positive control. Germination test was carried out by the paper towel method [37] . Fifty treated seeds were placed on each of moist germination paper equidistantly. Another pre-soaked towel was placed on the first one so that the seeds were held in position. The towel were then rolled and wrapped with polythene to prevent drying and incubated at 25±2 o C with one end of paper-roll dipping in water. After seven days, the towels were unrolled. Seedling vigour was analyzed according to Abdul Baki and Anderson (1973) [38] , and compared to an alternative variant method termed as Health index (as described ahead). Four sets of 100 seeds each were maintained for all different treatments. The seedlings obtained from each replicate were measured for shoot and root length, thereafter collected, bundled and weighed on balance. The percentage of germination and seedlings weight was recorded. Experiment was repeated once with similar results and mean of the readings was taken for calculations. Vigour index and Health index were calculated according to equations (2), (3), (4).
Biochemical studies
To confirm the mechanism of action of disease protection, the treated seedlings were subjected to biochemical tests to assess the levels of defence enzymes in the tissues.
Phenylalanine ammonia lyase (PAL) assay
DMS-652 seeds were put in 6 plastic cups of 5 cm diameter with filter paper lined bottom, at the rate of 100 seeds/ cup. The 6 treatments included 2.5% D. repens extract treatment (inoculated), 2.5% D. repens extract treatment (un-inoculated), distilled water treatment (inoculated), distilled water treatment (uninoculated), 2 mM salicylic acid treatment (inoculated), 2 mM salicylic acid treatment (un-inoculated). Seeds were dipped in respective solutions for 3 h, followed by decanting and incubation in moist conditions at room temperature. The treatments requiring inoculation were inoculated after 42 h of incubation by conidial suspension, in the morning before 6 AM. Inoculated and un-inoculated treatments were further incubated for 4 h. Seedlings were harvested after 4 h of inoculation for PAL enzyme assay. Seedlings (1 g) were homogenized in 1 mL of ice cold 25 mM Tris buffer (pH 8.8) in a pre-chilled mortar and pestle on ice and the homogenate was centrifuged at 10,000 rpm for 30 min at 4 °C. The supernatant was collected and used as enzyme source. PAL activity was determined as the rate of conversion of L-phenylalanine to trans-cinnamic acid at 290 nm as described by Dickerson et al., 1984 [39] . The reaction mixture (3 mL) consisted of 0.3 mL of enzyme extract, 1.5 mL of substrate buffer (50 mM of L-phenylalanine) and 1.2 mL of 25 mM Tris-HCl, pH 8.8. The reaction mixture was mixed well and incubated at 40 °C for 2 h. The 0.18 mL of 5N HCl was added to the reaction mixture and vortexed and optical density (OD) was read at 290 nm. The amount of trans-cinnamic acid synthesized was calculated using its extinction coefficient at 9630 m -1 [39] . Blank containing 1.5 mL of substrate buffer + 1.2 mL of 25 mM of Tris-HCl (pH 8.8) and 0.3 mL of enzyme were added after the addition of 0.180 mL of 5N HCl. The total activity and specific activity was calculated using the following formula, and the enzyme activity was expressed in terms of  mol of TCA/ mg protein/h. Experiments were conducted in three replicates and repeated thrice. Total activity and specific activity calculated according to equations (5), (6), (7).
Estimation of Peroxidase (POX) activity
One gram seedlings were harvested after 8 hours of inoculation from respective treatment cups and subjected to POX enzyme assay. Seedlings were homogenized in one ml of 10 mM phosphate buffer (pH 6.0) in a pre-chilled mortar and pestle on ice. The homogenate was centrifuged at 12,000 rpm for 20 min at 4 ºC and the supernatant served as enzyme source. Peroxidase enzyme assay was carried out as described by Hammerschmidt et al., (1982) [12] , with minor modifications. The reaction mixture (3 mL) consisted of 0.25% (v/v) guaiacol in 10 mM potassium phosphate buffer (pH 6.0) containing 10 mM hydrogen peroxide. Addition of 100 µL of crude enzyme extract initiated the reaction, which was measured spectrophotometrically at 470 nm for 1 min. One unit of POX enzyme activity is defined as change in absorbance min -1 mg -1 protein.
Experiments were conducted in three replicates and repeated thrice.
Protein Estimation -Lowry's method
To calculate the specific activity of enzymes, the protein content in the crude extracts was estimated by following the standard procedure of Lowry's method (1951) [40] , using BSA (Sigma) as the standard. Experiments were conducted in three replicates and repeated twice
Evaluation of solvent extracts for induction of resistance.
Biomass of the selected plant were shade dried, powdered, filtered through a mesh of 1 mm size. Twenty five grams of the powder was filled in the thimble and extracted successively with hexane, chloroform, diethyl ether, acetone, ethanol and distilled water for 15-20 cycles each. All the extracts were concentrated using rotary flash evaporator and preserved at 5 °C in glass vials until further use.
Two mg of each of the dried, evaporated solvent extract of D. repens was dissolved in 200µL of methanol and then the volume made upto 5mL by addition of distilled water. Thus obtained 5 mL of each diluted solvent extract was used for giving seed dip treatment to 100 sorghum seeds in plastic cups. Negative control comprised 200µL methanol + 4.8 mL distilled water treatment and positive control comprised 5 mL of 2 mM salicylic acid treatment. The solutions were decanted 3 h later. The cups were covered with petri plate lids and incubated at room temperature for 48 h to obtain seedlings. The seedlings in each cup were inoculated by 5 mL of conidial suspension early morning before 6 AM as described earlier. The seedlings from each cup representing each treatment were divided and planted in 4 pots of 15 cm diameter. Disease incidence in the form of systemic infection was recorded. Experiment was repeated once with similar results and mean of the readings was taken for calculations.
Statistical analysis
Data was subjected to one way analysis of variance (ANOVA), followed by Tukey's post test at P0.05 level of significance using Graphpad prism 5 software.
III. Results

Efficacy of aqueous plant extracts for induction of resistance under green house condition.
The seedling raised from the sorghum seeds treated with 2.5% and 5% of D. repens extract showed the 50.9% and 85% protection respectively against downy mildew disease, as compared to 38.5% protection provided by positive control. Among all the treatments, disease protection was found maximum in the D. repens 5% plant extract treatment (TABLE 2).
Effect of seed treatment with inducers on seed germination and vigour index
Results of the study clearly indicated that seed germination and vigour index of sorghum seedling could be enhanced by seed treatment with plant extract. Vigour index ranking of the treatments were found to corelate well with the health index rankings. Among the treatments, 2.5% D. repens extract showed highest vigour index of 904 and health index of 296.1 (TABLE 3).
Biochemical studies
Two defence related enzymes, peroxidase and phenylalanine ammonia lyase showed higher activity in plant extract treated seedlings compared with water treated seedlings (POX assay 8 hours after inoculation and PAL assay 4 h after inoculation).
Estimation of phenylalanine ammonia-lyase (PAL) enzyme activity
D. repens extract treatment resulted in a significant increase of PAL activity compared to uninoculated salicylic acid and water treated seedlings. PAL activity of inoculated D. repens 5% extract treated plants showed the maximum (35.3 µmole trans-cinnamic acid mg -1 protein h -1 ) enzyme activity. Uninoculated D. repens 5% extract treated seedlings showed the enzyme activity of 26.1 µmole transcinnamic acid mg -1 protein h -1 (Fig. 1). 
Estimation of Peroxidase (POX) enzyme activity.
Spectroscopic analysis showed D. repens plant extract treatment caused significant increase of POX activity in host 8 hours after inoculation and in un-inoculated seedlings, compared to water treated and salicylic acid treated seedlings. Uninoculated D. repens extract treated plants resulted in significantly higher enzyme activity than the un-inoculated salicylic acid and water treated seedlings. POX activity of inoculated D. repens extract treated plants showed higher activity than un-inoculated D. repens extract treated plants. The POX activity did not significantly change in water treated plants during the experimental time course (Fig. 2) .
Evaluation of solvent extracts for induction of resistance.
Resistance against downy mildew disease was induced by almost all the solvent extracts of D. repens, with maximum percent protection of 44% provided by chloroform extract, as against 32.7% protection provided by positive control (TABLE 4) .
IV. Discussion
An early recognition of the pathogen followed by immediate initiation of appropriate defence responses is the key to a plants successful defence against invading pathogen. The induction of resistance phenomena can be used as an approach to activate the defence components of the susceptible host cultivar for rapid response upon pathogen challenge, mimicking the incompatible interaction. With concern for the environmental, eco-friendly natural products like plant extracts are preferred over chemicals as inducers of ISR. This study reports the use of D. repens plant extract to induce resistance in susceptible sorghum plants against downy mildew disease by seed treatment. D. repens 2.5% extract treatment did not affect seed germination and seedling vigour index of sorghum but provided protection against pathogen. The novel method developed in the present investigation of using weight of seedlings as indicator of health index is effective, rapid and more convenient as compared to measurement of root and shoot lengths.
The present study assessed the effect of the plant extract seed treatment on sorghum against P. sorghi infection. During our initial screening process under green house condition with seeds treated with 2.5% and 5% of different plant extracts, D. repens 5% extract treated plants showed the maximum protection under green house condition. Results were similar to the earlier studies of pearl millet downy mildew with Datura metel aqueous plant extract [29] . The mechanism by which D. metel extract acts as an inducer of resistance could be either by its diffusion through the microscopic ruptures caused by imbibitions of seed or by initiation of an interaction on seed germination through diffusion into coleoptiles and radicals of germinating embryos [41] .
Induction of resistance has been measured using biochemical markers in the form of induction of defence related enzymes that are activated upon pathogen infection in the present study. We report the involvement of PAL and POX defence enzyme during the host-pathogen interaction in case of sorghum downy mildew. POX plays several important roles in the disease resistance expressed against a number of pathogen and is responsible for the production of reactive oxygen species [16] . Our finding showed that D. repens seed treatment increased the activities of peroxidase enzyme in the both the inoculated and un-inoculated seedlings. It was found that increase of the POX defence enzyme concentration in plants correlated the reduction of disease in D. repens extract treated plants compared to the water treatment plant.
PAL the first committed enzyme in the phenyl-propanoid and flavonoid pathways is involved in biosynthesis of phytoalexins, lignin and salicylic acid associated disease resistance expression. The pearl millet seeds treated with aqueous plant extract of Viscum album had shown the maximum increase of the defence related enzyme like PAL [42] . In the present study, a significant increase of PAL in D. repens extract treated seedlings inoculated with pathogen was observed. Thus an incompatible environment may be created by D. repens extract seed treatment in the susceptible sorghum cultivar. Hence in D. repens extract induced protection of sorghum, PAL may be involved in triggering phenyl propaniod pathway resulting in the increase of defence enzyme and disease protection.
V. Conclusion
Induction of disease resistance is an alternative and attractive method for plant protection, as it activates the resistance mechanism in plant and is effective against a broad spectrum of plant pathogens. Since plant extract or plant products are able to induce plant immunity against pathogenic microorganism, their use for the development of products which are capable to protect crops has been envisaged. The present research work will be helpful in the management of disease by environment friendly methods. Further knowledge about the induction of defence related proteins and the mechanism involved in D. repens extract mediated protection might allow the development of a novel method for disease protection of crop plants for sustainable agriculture with appropriate biological and ecological safety. Figure 1 . PAL Activity upon 3h seed treatment Figure 2 . POX Activity upon 3h seed treatment
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